The embryonic vertebral column is derived from the unsegmented axial mesenchyme surrounding the notochord, and its development and differentiation are influenced by the notochord. The role of cartilage in determining the ultimate pattern of the segmental skeleton has been well documented, but a gene whose segmental expression corresponds to the pattern of the developing skeleton has yet to be identified. We show that chick aggrecan is initially expressed within the entire length of the notochord, and as development proceeds, aggrecan expression becomes restricted to the surrounding perinotochordal sheath in a segmental pattern, mirroring the differentiated somite pattern.
Results
During early vertebrate development, the notochord plays an important role in the induction of dorsoventrallrostocaudal polarity of the neural tube, organization of adjacent embryonic structures, and induction of cartilage formation. The extracellular matrix proteins collagen type II and aggrecan comprise 90% of the matrix and are characteristic of cartilage (Sandell, 1994) . Aggrecan is highly expressed both within the notochord and the surrounding perinotochordal sheath (Li et aI., 1994; Pettway et aI., 1996) . Aggrecan is likely to be important for the development of the vertebral column as both the homozygous cartilage matrix deficiency (cmd) mouse mutant (Watanabe et aI., 1994 (Watanabe et aI., , 1997 and the chicken mutant nanomelia have mutations in the aggrecan gene (Li et aI., 1993) , resulting in a failure of chondrogenesis that leads to severe vertebrallskeletal defects.
The cartilaginous vertebral column is derived from the sclerotome of the segmental somites migrating and surrounding the notochord (Oettinger et aI., 1985 , 1997) . The process of segmentation within the vertebral column (Verbout, 1972) and the relationship of the somites to final vertebral pattern are controversial (O'Rahilly and Meyer, 1979) . Pourquie et ai. (1993) have suggested that the dorsoventral patterning of somitic derivatives may be controlled by sign~ls provided by ventral axial structures, including the notochord. Therefore, we sought to characterize the expression of aggrecan during normal segmentation of the vertebral column.
Because aggrecan mRNA expression was detected by reverse transcriptase-PCR in isolated chick notochords from stages 13 to 19 (results not shown), we used whole mount in situ hybridization to characterize its spatial localization. Chick embryos from stages 16 to 18 showed continuous aggrecan mRNA expression along the entire notochord (Fig. lA) . Although expression was predominantly confined to within the notochord ( Fig. lB-E ), signal could also be detected within the surrounding perinotochordal sheath (Fig. 1 C) .
Stage 19-24 embryos showed a segmental pattern of aggrecan along the notochord which corresponds to the region where differentiated segmental somites surround the notochord ( is restricted to the surrounding perinotochordal sheath in both the cranial (Fig. lK,L ) and trunk regions (Fig. IG-J ) but is still confined to the notochord in the tail region (Fig.  1M ). This shift in expression from within the notochord to the perinotochordal sheath is in broad agreement with the findings of Pettway et al. (1996) , who observed continued aggrecan protein expression within the notochord and the surrounding perinotochordal sheath in 4-5 day chick embryos. Our results suggest that aggrecan mRNA expression disappears from the notochord in 3.5 day old embryos (stage 20) and that aggrecan expression is downregulated in the notochord and then upregulated in the adjacent tissue. There is also continuous aggrecan expression along the notochord in the cranial region where there are no surrounding somites and in the tail region where there are newly formed somites (Fig. IF) embryos with the MF20 antibody that detects sarcomeric myosin heavy chain which is expressed by somites (Fig.  2) . At stage 20, aggrecan expression along the notochord corresponds only to the perinotochordal sheath immediately surrounded by a somite and is absent between somites (see Fig. 2A,C,D) .
In conclusion, we have shown that chick aggrecan is initially expressed within the entire length of the notochord; and as development proceeds, aggrecan expression becomes restricted to the surrounding perinotochordal sheath in a segmental pattern.
Materials and methods

Isolation of chick aggrecan cdna
RNA was isolated from chick embryo notochords at Hamburger-Hamiltion stages 13, 17 and 20 using TRlzol Reagent (Gibco-BRL), with 300 ng of total RNA forming the basis of the reverse transcriptase reaction. RT-PCR was carried out as previously described (Conway et aI., 1997) . A chick aggrecan probe was generated by PCR amplification, using primers based on the published sequence (Li et aI., 1993) . Aggrecan primers were designed to amplify the region between base pairs 4989-5008 (upstream primer 5'CTGCGTTCCCTGAGATTC3') and 5934-5952 (downstream primer 5'TTGCCAGGTCGATCTCAC3') (Li et aI., 1993) , generating a fragment of 926 bp. The 926 bp amplified fragment was cloned into pGEM-T vector (Promega) and sequenced to confirm its identity.
In situ hybridization
Both sense and antisense digoxigenin-Iabeled cDNA probes were transcribed from the entire 926 bp fragment. Whole-mount in situ hybridization was carried out on at least 4-5 normal chick embryos at Hamburger-Hamiltion stages 16-30 using the techniques described previously (Wilkinson, 1992; Conway et aI., 1997) . Following wholemount in situ hybridization, several representative embryos were embedded in 0.45% gelatin, 27% albumen, 18% glucose in PBS which was solidified by addition of 1/10 volume of 30% glutaraldehyde. Embryos were vibratome sectioned at 30 Mm.
Immunohistochemistry double labeling
Following whole-mount in situ hybridization and detection of the aggrecan mRNA, embryos were washed in PBS and incubated overnight at 4°C with the mouse anti-chick antibody MF20 IgG2b at 1:2 dilution (Developmental Studies Hybridoma Bank) that recognizes sarcomeric myosin within the developing somites (Gamel et aI., 1995) . Embryos were then washed with PBS containing 5% fetal calf serum and incubated overnight at 4°C with the secondary antibody, peroxidase-conjugated goat anti-mouse IgG + IgM at 1:100 dilution (Jackson ImmunoResearch Laboratories). Following development in DAB, the embryos were cleared through a glycerol gradient and photographed.
